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ABSTRACT OF THE DISCLOSURE t 



A building having a pair of structural elements 
with a member connecting these structural elements. The 
member has a slip joint with surfaces exhibiting substantial 
frictional characteristics and stable hysteretic behaviour. 
The slip joint includes clamping means forcing said surfaces 
together to define a slippage interface for relative motion 
between the surfaces upon the application of a force tending 
to induce such motion of a large magnitude typically experienced 
during an earthquake. 



1150474 

This invention relates to building construction 
and in particular, providing structures designed to render 
a building less prone to damage by earthquakes. 

Severe ground shaking induces lateral inertial 
forces on buildings causing them to sway back and forth with 
an amplitude proportional to the energy fed into the buildings. 
If a major portion of this energy can be consumed during 
building motion, the seismic response can be considerably 
improved and the manner in which this energy is consumed in 
10 the structure determines the lever of damage. 

. In general, all current methods of aseismic design 
place reliance on the ductility of the structural elements, 
i.e. ability to dissipate energy which is undergoing inelastic 
deformations. This assumes some permanent damage, in some 
cases just short of collapse, and repair costs can be high. 
If a major portion of the seismic energy can be dissipated 
mechanically, the response of the structure can be controlled 
without structural damage. 

Braced structural steel frames are known to be 
20 economical and are effective in controlling lateral deflections 
due to wind and moderate earthquakes. However, during major 
earthquakes, these structures do not perform well, because, 
' firstly being stiffer they tend to invite higher seismic 
forces and, secondly, their energy dissipation capacity is 
very limited due to the pinched hysteretic behaviour of the 
braces. Because energy dissipation is poor in structures with 
such pinched hysteresis loops, they have been viewed with 
suspicion for earthquake resistance. 

The performance of such braced structures is still 
30 poor when the brace is designed to be effective only in tension. 
While a tension brace stretches during application of the load, 
on the next application of the shock load and elongated brace 
is not effective even in tension until it is taut again and is 
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being stretched further. As a result energy dissipation 
degrades very quickly. 

Moment resisting frames are favoured for their 
earthquake resistance capability because they have stable 
ductile behaviour under repeated reversing loads. Their 
preference is reflected in various seismic codes by assigning 
lower lateral forces. However, the structures are very 
flexible and it is often economically difficult to develop 
enougn stiffness to control storey drifts and deflections to 
prevent non-structural damage. 

Recent earthquakes have demonstrated the need for 
stiffer structures and a strong interest has grown in the past 
few years to develop structural systems which combine the ex- 
cellent ductile behaviour of the moment resisting frame and the 
stiffness of a braced frame. In Japna, designers often employ 
braced moment resisting frames in which the brace is designed 
to carry only a portion of the lateral load. The eccentric 
braced frame is another step in the direction. In this method, 
the brace joints are eccentric to force the beams into inelastic 
action to dissipate more energy. Although the structure is 
saved from total collapse, the main beams are sacrificed and 
would need major repairs or replacement. 

The present invention broadly proposes a improved 
building comprising a pair of structural elements connected to 
each other through a slip joint having surfaces exhibiting sub- 
stantial frictional characteristics and stable hysteretic be- 
haviour. The slip joint surfaces include at least one metal 
slipping surface and at least one brake lining pad facing every 
slipping surface. Each brake lining pad is forced against the 
corresponding slipping surface to define a slippage interface for 
relative motion upon the application of a force tending to in- 
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duce such motion of a, large magnitude typically experienced 
during an earth-quake.. 

In accordance with a preferred embodiment, the 
building has a pair of structural elements that are connected 
to each other by a member. This member includes a slip joint 
of the above mentioned type, including at least one metal 
slipping surface faced by at least one brake lining pad facing 
said slipping surface. The slip joint further includes clam- 
ping means for forcing each brake lining pad against each 
slipping surface to define a slippage interface for relative 
motion upton the application of a force tending to induce such 
motion of a large magnitude typically experienced during an 
earth-quake . 

The structural elements of this building may consist 
of first and second spaced apart structural members connected 
by a third member to form a frame. In this particular case, 
the slip joint may advantageously form part of a brace exten- 
ding in the plane of the frame and having separate ends con- 
nected to at least two of the frame members . 

If desired, a further brace angularly related with 
respect to the first one may be secured to the frame, this 
further brace acting through the same slip joint. 

The angularly related braces may each have an indi- 
vidual slip joint with the characteristics already described. 
These braces may be connected by a pivotal member rotatably 
mounted on the frame, with opposed ends engaging the braces 
with the result that if one brace moves on tension along its 
slip joint, the other brace will be urged by the pivotal member 
to move in compression along its slip joint. 

It will be appreciated that pre-assembled infilled 
panels or curtain walls may also be used to function as diagonal 
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braces, which are connected, to the frame with a slip joint. ' 

The braces may be crossed and connected by .pivoted 
links intermediate of their length, with the individual slip 
joints located within the area bounded by the links,- and the 
clamping means may be common to both slip joints. 

In accordance with another preferred embodiment of 
the invention, the building has a foundation wall, a plinth 
beam mo.unted above the foundation wall, and a slip joint ex- 
hibiting substantail frictional characteristics between the 
foundation wall and plinth beam. The slip joint includes a 
dished plate secured to the underside of the plinth beam, a 
support member carried by the foundation wall, and a brake 
lining pad located between the dished plate and support member. 
The support member engages the dished portion of the dished 
plate and is adapted to move laterally within the dished por- 
tion under the ground motion created by a major earth-quake. 

In this particular case, the brake lining pad is 
forced against the. surfaces of the joint by the -weight of the 
structure, and provides frictional contact surface between the 
dished plate and the support member which is adapted to move 
laterally with severe ground motion, such as that created by 
a major earthquake. 

.The slipping friction surfaces which are requisite 
for the invention may be provided in many ways, but practically 
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and preferably, brake lining pads trapped between metal 
surfaces are used. 

The invention will now be described in relation to 
the accompanying drawings wherein: 

Figure 1 is an elevation view of one embodiment 
of the invention showing a diagonally disposed brace in a 
frame to which it is connected by a slip joint; 

Figure 2 is an elevation view of a further embodiment 
of the invention shown in Figure 1 wherein the slip joint 
10 is formed of a tapered cylinder with a slipping piston therein, 
separated by friction pads; 

Figure 3 is an elevation view of a further embodiment 
of the invention wherein a further brace is incorporated in 
the frame in angular relationship and connected to a common 
slip joint on the frame; 

Figure 4 is an elevation view of a further embodiment 
of the invention wherein the angularly related braces shown 
in Figure 3, each have an individual slip joint and a rotatable 
member acts on both braces; 
20 Figure 5 is an elevation view of a further embodiment 

of the invention wherein a friction device is incorporated in 
the moment resisting frame; 

Figure 6 is a perspective view, on an elarged scale, 
of the friction device shown in Figure 5; 

Figure 7 is an elevation view illustrating the motion 
of the friction device shown in Figure 6; 

Figure 8 is a hysteresis loop indicating the relative 
displacement with force of the embodiment of the invention 
shown in Figures 5, 6 and 7; 
30 Figure 9 is an. elevation view showing the location 

of a further embodiment of the invention which is particularly 
suitable for low rise buildings; 

- 4 - 
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Figure 10 is an enlarged elevational view of the 
embodiment illustrated in Figure 9. 

Figure 5 shows a frame generally denoted by the 
numeral 10 comprising a pair of spaced apart columns 12 and 
14 connected together with a beam 16? it will be appreciated 
that this is the base frame structure of a building which will 
extend upwards in similar units. The columns 12, 14 and the 
beam 16 are, of course, made of a structural material, such 
as steel. 

10 The frame 10 contains a brace 18 which is 

diagonally disposed and conveniently connected to the frame 10 
through a corner gusset 20 which has a hole 22 as shown on 
Figure 1. The brace 18 has a slotted hole 24 and is secured 
to the gusset 20 by means of a bolt and nut 26 which traverses 
the holes 22 and 24. Interposted between the brace 18 and 
the gusset 20 is a brake lining pad 28, which provides 
frictional resistance to movement of the brace 18 in relation 
to the frame 10 when the latter is displaced during an 
earthquake. Similar to auto mobiles, the motion of the 

20 ' vibrating building is slowed down by friction braking. 

It will be appreciated that the brake lining pad 28 
may be eliminated if one or both of the adjacent surfaces of 
the brace 18 and gusset 20 are provided with surfaces 
treated adequately to offer substantial friction and stable 
hysteresis loops. 

The connection between the brace 18 and the gusset 
20 forms along the slot 22 a frictional slip joint, generally 
denoted by the numeral 29, in which the friction can be 
adjusted through the bolt nut 26. The slip joint 29 will 

30 slip at a predetermined load and dissipate a substantial 
amount of energy in each cycle, before yielding occurs in 
structural elements of the frame 10. The result is that the 

- 5 - 
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frame remains within elastic limit, and the unbroken frame, 
due to its resilian.ce, will return, nearly to its normal 
position after the earthquake. 

In the embodiment shown in Figure 2, a brace 18a 
has one end formed into a piston 30 which is located in a 
gusset 20b which has a cavity 32 with an inner wall 34 
tapering towards the entrance 36 of the gusset 20b. The diameter 
of the piston 30 increases towards its free end and interposed 
between the wall 34 and the piston 30 are brake lining pads 
10 28. This sloping arrangement enables the brace 18a to slip 

at a lower load in compression than in tension, thus mitigating 
buckling of the brace 18a in compression. It will be 
appreciated by applying the clamping force at an angle to 
the movement the above behaviour in tension and compression 
is achieved. 

In Figure 3 the embodiment shows a pair of diagonally 
opposed braces 18c and 18d secured to a gusset 20c which is 
slidably mounted on the cross beam 16 to form a slip joint 
29' of a type already described. The gusset 20c is shown as 
20 secured to the cross beam 16 but it willbe appreciated that 
the gusset 20c could be equally well attached to column 12 
or 14. 

In the embodiment shown in Figure 4 the gusset 20d 
is welded to the cross beam 16 and to provide the slip joint 
29, the braces 18e and 18f are slotted as at 38 and secured 
to the gusset 20d by means of adjustable bolts 4 0 which are 
carried by the gusset 20d. Brake pads 28 are interposed 
between the gusset 20d and the braces 18e and 18f . A member 
43 is rotatably mounted on the gusset 20d; the member 43 has 
30 opposed ends 44, each of which engage in slots 46 in the 

braces 18e and 18f as whown. It will be understood that in 
the event of a tension being exerted on. brace 18e, the latter 

- 6 - 
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will slip, along its slip joint, but the member 43 will move 
with the bra.ce 18e and exert, a. force on. brace 18 f to move it 
even though it is under low compression due to buckled 
condition, the movement respectively being indicated by arrows 
50 and 52. 

A particularly useful embodiment of the invention 
is located in the frame 10 as shown diagramatically in Figure 
5. This embodiment is illustrated in detail in Figure 6 
and it shows a pair of diagonally disposed cross braces 18h 
and 18 i with their ends secured to the frame 10. Each brace 
18h and 18i has an individual slip joint 29h and 29i of the 
type already described. Intermediate of the securement of 
the braces 18h and 19i and the location of the slip joints 
29h and 29i, is a linkage, generally denoted by the numeral 
54, which comprises four links 56 forming a substantially 
rectangular frame, and pivotally secured at its corners to 
the cross braces 18h and 19i; the latter are spaced apart 
by a spacer 58 which is preferably positioned at the center 
and over the slots traversed by the tightening bolt 60. When 
tension in one of the braces forces the joint to slip, it 
activates the linkage which force the joint in other brace, 
even though buckled in compression, to slip simultaneously. 

The device illustrated in the embodiment shown in 
detail in Figure 6, is designed not to slip under normal 
service loads and moderate earthquakes, but during severe 
seismic exitations, the device slips at a predetermined load 
before yielding occurs in the other structural elements of 
the frame. Slippage in the device then provides a mechanism 
for the dissipation of energy by means of friction. As the 
braces 18h and 18 i carry a constant load, the remaining 
loads are carried by the moment resisting frame. 
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la this manner, redistribution of forces takes 
place between successive storeys, forcing all the braces in 
each moment resisting frame to slip and participate in the 
process of energy dissipation. Hysteresis behaviour of this 
device is shown in Figure 8 and it is seen that there is no 
pinching of the hysteresis loope 

The embodiments already described are particularly 
effective with increasing building height, but for low rise 
buildings, in which over-turning moments are not predominent, 
a further embodiment of the invention may be used advantageously 
and is illustrated in Figures 9' and 10. The building, . 
generally denoted by the numeral 66, in Figure 9, which may 
be of solid wall construction or frame with an in-fill, has 
a plinth beam 68 to which is secured a plate 70 of dished 
configuration, as illustrated more particularly in Figure 10. 
The foundation wall 72 carries a support member 74 which is 
located in the dished portion of the plate 70. Between the 
support member 74 and the dished plate 70 is a frictional 
surface 76 which could be conveniently formed by a brake pad. 

In the embodiment illustrated in Figures 9 and 10 
the gravity load of the structure provides the necessary 
clamping on the friction slip planes. Using this friction 
device the forces exerted on the building due to ground 
motion are limited to the extent of the slip load, while 
the dished surfaces limit the extent of the displacement. 
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1. A building having first and second spaced 
apart structural members, a third member connecting said 
first and second members to form a frame, and a brace exten- 
ding in the plane of said frame and having separate ends 
connected to at least two of said frame members, wherein 
said brace has a slip joint with surfaces exhibiting substan- 
tial frictional characteristics and stable hysteretic beha- 
viour, said slip joint surfaces including at least one metal 
slipping surface and at least one brake lining pad facing 
said slipping surface, said slip joint further including 
clamping means for forcing said at least one brake lining 
pad against said at least one slipping surface to define 

a slippage interface for relative motion upon the application 
of a force tending to induce such motion of a large magnitude 
typically experienced during an earth-quake. 

2. A building according to claim 1 wherein said 
brace is angularly disposed in said frame and said slip 
joint is formed between said brace and one of said members. 

3. A building according to claim 1 wherein said 
slip joint is constructed of opposed members secured to 

the frame and to said clamping means, a portion of the brace 
being located inside said opposed members and movable with 
respect to said opposed members. 

4. A building according to claim 3 wherein said- 
opposed members form a cylinder tapering inwardly towards 
its open end and the portion of said brace located inside 
said cylinder is correspondingly widened towards its 

end to prevent withdrawal of said brace from said cylinder. 

5. A building according to claim 1, wherein 
said frame has a further brace angularly related to said 
brace, said further brace being connected to said slip joint. 
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6. A building according to claim 1 wherein said 
frame has a further brace angularly related to said brace, 
said brace and further brace having individual slip joints 
intermediate of their ends. 

7. A building according to claim 6 wherein said 
braces are connected by a pivotal member secured to said 
frame, whereby on slipping of the slip joint in one of said 
braces in tension, said pivotal member forces the other 
brace to slip on its slip joint in low compression. 

8. A building according to claim 6 wherein said 
braces are in crossing relationship and connected by 
pivotal links intermediate of the ends of said braces, said 
individual slip joints being located within the area bounded 
by said pivotal links. 

9. A building according to claim 8 wherein said 
clamping means is common to said individual slip joints 
and a spacer separates said braces. 

10. A building having a pair of structural 
elements and a member connecting said structural elements, 
said member having a slip joint with surfaces exhibiting 
substantial frictional characteristics and stable hysteretic 
behaviour, said slip joint surfaces including at least one 
metal slipping surface and at least one brake lining pad 
facing said slipping surface, said slip joint further includ- 
ing clamping means for forcing said at least one brake lining 
pad against said at least one slipping surface to define 

a slippage interface for relative motion upon the application 
of a force tending to induce such motion of a large magnitude 
typically experienced during an earth-quake. 
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11. A building having a foundation wall, a plinth 
beam mounted above said foundation wall, and a slip joint 
exhibiting substantial frictional characteristics between 

the foundation wall and plinth beam, said slip joint including 

a dished plate secured to the underside of 
the plinth beam; 

a support member carried by the foundation 
wall, said support member engaging the dished portion of 
the dished plate and being adapted to move laterally within 
said dished portion under the ground motion created by a 
major earth-quake, and 

a brake lining pad located between said dished 
.plate and support member. 

12. A building having first and second spaced 
apart structural members, a third member connecting said 
first and second members to form a frame, a brace extending 
in the plane of said frame and connected thereto, said brace 
having slip joint surfaces exhibiting substantial frictional 
characteristics, said slip joint being constructed of 
opposed members secured to said frame, said slip joint inclu- 
ding friction members and clamping means for forcing said 
opposed and friction members together to define a slippage 
interface for relative motion between the surfaces upon 

the application of a force tending to induce such motion 
of a large magnitude typically experienced during an earth- 
quake, said clamping means comprising a portion of said 
brace located inside said friction members and moveable 
to bear them against said opposed members on movement of 
said brace. 

13. A building according to claim 12 wherein 
said opposed members form a cylinder tapering towards its 
open end and said brace positioned in said cylinder is 
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correspondingly widened towards its end to prevent withdrawal 
of said brace from said cylinder. 

14. A building having first and second spaced 
apart structural members, a third member connecting said 
first and second members to form a frame, a brace extending 
in the plane of said frame and having separate ends connect- 
ed to at least two of said frame members, a further brace 
angularly related to said brace, said further brace also 
extending in the plane of said frame and having separate 
ends connected to at least two of said frame members, said 
brace and further brace having individual slip joints having 
surfaces exhibiting substantial frictional characteristics 
and including clamping means forcing said surfaces 
together to define a slippage interface for relative motion 
between the surfaces upon the application of a force tending 
to induce such motion of a large magnitude typically expe- 
rienced during an earth-quake, said braces being connected 
by a pivotal member secured to said frame, whereby on 
slipping of the slip joint in one of said braces in tension, 
said pivotal member forces the other brace to slip on its 
slip joint in low compression. 

15. A building according to claim 14 wherein 
said braces are in crossing relationship and connected by 
pivotal links intermediate of the ends of. said braces, said 
individual slip joints being located within the area bounded 
by said pivotal links. 

16. A building according to claim 15 wherein 

said clamping means is common to said individual slip joints. 

17. A building having a pair of structural elements 
connected to each other through a slip joint having surfaces 
exhibiting substantial frictional characteristics and stable 



12 



1150474 



hysteretic behaviour, said slip joint surfaces including 
at least one metal slipping surface and at least one brake 
lining pad facing said slipping surface, said at least one 
brake lining pad being forced against said at least one 
slipping surface to define a slippage interface for relative 
motion upon the application of a force tending to induce 
such motion of a large magnitude typically experienced during 
an earth-quake. 



13 



1150474 




1150474 





1150474 




